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ERGOTEC ASSOCIATION, INC.

Human Engineering NQn-Profit SEP 3- 1996

William Caton, Secretary
FCC
1919 M Street, NW, #200
Washington, DC. 20554

Re: Report and Order - FCC 96-326

Dear Mr. Caton:

13 -(,.<
September 3, 1996

BY HAND

Pd,-r.o N !fe?pcoN'S;rJei2JJ(o N

Enclosed are three documents on the bio-effects of electromagnetic radiation (EMR). Please file under the
above Report and Order. (1) Soviet Research on the Neural Efficts of Microwaves, which might have
given rise to the ANSI limit of 10 mW/cm2 (page 26). (2) Pages from my book X-Rayed Without
Consent discussing the irradiation of personnel at the US Embassy in Moscow. They were exposed to l
IS uW/cm2, and suffered irreparable injury and death. (3) The findings of Chiang Huai, Assessment of
Health Hazard and Standard Promulgation in China, that were presented to NATO before the Persian Gulf
War. Huai also notes the bio-physiological damage in State Department personnel exposed to 1-15
uW/crn2. The human injuries highlighted in these documents deal with both thermal and non-thermal
disorders.

EMR exposure limit recommended by the health and safety Interagency Group to FCC will be 1 mW/cm2.
The ANSI specific absorption rate (SAR) to airborne radiation is 1.8 Wlkg oftissue. Now FDA says PCS

users can absorb up to 1.6 W/kg. Touching PCS phones (contact electricity), which operate at high
gigahertz (GHz) frequencies whereas cellular phones function in the lower megahertz range, will induce
high SARs and strong electric currents in the body for longer periods.

What will be the joint effect when EMR is absorbed directly (contact) as well as from airborne sources
impinging on the biologic system? This is a major concern in view of the fact that many carriers will
install many antennas all over the country.

It is not expected the Commissioners nor anyone will react to the foregoing caveat. But Ergotec along with
many citizens groups nationwide goes on record to state, "The biological and environmental outcome of
ubiquitous radiation from many sources in our ecosystesm will be destructive to humanity and the
US economy."

cc: Commissioners, Interagency Group

Enclosed (New York objection to PCS antennas by Arthur Firstenberg.
This is representative ofcitizen opposition nationwide and worldwide.)
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The publication ot this report does Aot eozwtltute
approval by azq U. S. OOvermDezat OrgazUzat101l of
the 1Dterences. ·t1nd1D1s, ad cODcluaion.1 Ccmta1Ded

, herein. It 1s published solely ter the exchaDp
and 8t1111t~latlOD 0-: ideas •.
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...~.. '!he ~'PUZOPO" ~ W. nport i.·to 0~11M 8oY1et
nleU'ch 011 tile eneat ot 1Dv-lIlteu1tl IIlcrov.e rldiatlol1 011

\.. ... ceaVa1 DIl"'IOU qltea of 11"f'1ac OIpId._, iIlcl\1&U.Da W&Il.
'. . !lie atvlal pn.-teeS lIRe baa bea clnw aclU11.,e1J traa opeD
. ..... :.... tecbDioa1 u.tvatun, ~.r1DI ill tM -.in, the per104 ot

. t.be 1ut cleC*le. !be 'report coain. of eneral aect10na vh1ch
. ., be rM4 lDtepeadlDt~•
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,. .~ f6 ettort. orpa1&atloll &lid 1Dd1'114u1 reMerehe'.
" . ;~: ,.: . .' ':' .

. OpeD lOuree Ut.ratl1n, ••c1~ that ot tbe lut t.'1 rea-.,
1D.Ucate. that there baa bMA a 11".~ aa1 autaJne4 Sorlet 1ater.1t
1D tM 1IIter&atJ.oll between b1ch-treqaeDC7 .lectl"nlpt1c r.s1at10D
aa4 b1olol1cal~. to theateat to vh1cb eucb literature re
t1ec:t. actual reHU'Cb ettort., It -.t be u--S tbat 80mt writ
1D W. tleU 1. at..l". u4 1Irto1"••· a 1arp Jalber of .c1.at1tlc
1*"10..1 vho an purniJII a v14e rADp ot .,.c1al1ae4 re••a-cb COall.
VbS1e tb1l lDteNR atead. tbro. tM rUIP ot 't1Plcal sn:ob1_,
.. u tho.. 4.a11111 vith !Dl!utriL1Iv"I1'De Md alcrov.e tberapJ,
toM _,.ct attl'aatlDc the createat attention in tb1,. fleld 1, the
•.tDovD. 01' DDnthetDll Vr-.et. ot atc:zocA,a... A nUilberot studie•
... 4ealt vith thil eft.ct.

'.~" ... . '.

. . . . Se10aa iftterelt 111 a p"en n.eld ot lCieDt1tlc l'tur!1l•
....:u,- ..u.It. b7 the 1aYoly.-JI't of .,.,eral1Mtltutlons niGh
~ ..... the 1eld1Dc role 121 the " ..arela &114, pur.. 1t 112 a
.,...10...... !beN 1. also tbe cma1 bMqroUD! ot le,. d1
ftc:tlJ 1Jwo1,,-' Ol'llll1llatlou aM 1D41Y14aa1. who pabllab 1D • 10__
.. 18•• .,n.a~1e -=mel', ...t~. p8l"ba}). u t. b,-product ot
ot_r reMAl'ch, but vhf) an alVIl1' pn..nt 112 t.he aarecc.te am &1dd
the1J' wlce to tbe 41scu.ion 1D proportion to the '1In11'1canee leD-'
.~ ucrlbeQ to tbe c.;bJeet. AU these e1_nt. are quite ..,1&1ont11
present 1D th\s eue.

1\10 ol'luUatloM 1D tbe USSR appear to Jane taken the 18114 in
.,ateMtl0 "MUch on al=wae lAteractloll vith blolDBical IrtJructurell
the Ceatral Sc1entitic RaIMrch IuUtute of !ealth ReIGn SCene. and
~theraw, aa4 tba Iut,ltute ot IDSwrtnal h;y,l1ene and Occupatloul
D1 ot the Aced.., ot MecUcal ScieAces ~, both locatee! 1Il MoIOOV.
!be ot the.e or,8D1aat10u, ~., ""0. aot ,rec1WS* their 1DteNI't
h thi. tield tro. nacb1Dc tar beJoDd. t. ptob1_ of 1d.C1'CN'&'fe therapt

'. aa4 tbe protectlon ot wrker. apoae4 to ~.b-1AteDa1t7 f1eld,.

A. S. Presac, or the CelltraJ. Sc1ent1tlc IAatitute ot Health.
ReIOl't Science aDd Ph7llOth6r8p7, 18 the met 11Jportant reaeazocher
vorkSlis 121 thi area ot the effect of II1croVlWe. on llnnc orgl.ll1_.
ID IIdct1t1on to hi. relearch vort, Pre-.n ~ a leadlng interpreter of
t.h1. nb3ect aDl11. the autbor ot ""eral co...hene1'fe reYievl of SoY1et
u4 mn-So'71et ach1n_nta 1D tb1. f1e14. During the period 1955-1958,
P:re~ vorke4 1.a the ator..Dtlonecl lnatltute ot IDdutrial B;ygien. and
Oc~atloA&1 Di_..I, vher. his re..arch dealt vith probleM of 1D4ua-

1
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trill protection ac&1ut apolUre to Jliczw.e•• ~.., ...t~
· III'OUa4 1960, Preau "-lAD vrit1J:tcUldw the b11.1M ot hi. P"..at· .
'··auJ.U,atloa aa4, .1aIltaMouaq, Id. area ot 1ater.1t ah1tte4 to .
J,ov-1Dteu1.V a1CZ'OVae eftect., .tnl, coacern1.ac tlle.c.ntral _I'"IOWI

.l1st-. <_baai. on 1ov-iJltlu1t7 Jdcrnv.e efteat...... to be char-
· actll'lltlc of the vork ot tbe IAatltute of Health RelOrt SoleDce ad

r!V.1otherapJ .. a vhole). A....u pl'OportloA of Pre~t. wort coo-
cel'Dl Jd.czoov... t.her.",. . .. .

PNSUI1 i. the eppar.nt 1e&c1.rot at•• ot vork\:~" ot tbe
Institut., coD.i~1Dcot rUe I. t.lna1dJ, I. A. t.YltiDa, S. K.

· RappapOrt, &D4 L. A. B~at.lt4, vbo are r ••D.lbl. tor a COD
.:.l1del'ab1e DUllbel' ot rl••arch report. p\lbl1.hed ill the period 1960-
1~. .

., .

.•... :' . !hi b711M ot tM Central Sc1ent1tlc Iutltut. ot IIaaltb '.'
· RelOrt Sci.ne. aDd Pb7a1otDlrapJ baa appeare4 111 report. OD the b1o- :.
"101ica1 actloD ot IIlcrowa•• b1 ot~r author., vho MT or .., DOt be

ulOc1ated with PreIUD. holmed ill this sroup are F. L. Le1te.,
L. A. SId.Dr1kh1aa, A. H. 0br01OY, aaI A. ErotoY, vbo haY. written

. ,,: a DUllber of paper. OD lI1CZ'OVaT' tberapJ. .

The IDatlttrte ot Iadua+.r1a1 Btller. aDd Occupational m.....
.._ to MYe a IODlVhat lvpr IZ'OUP of re••archer••ag.,ed in vorlc
OA II1czovll1'e eftect.. '1'b1. lJl1tltute'. principal researcher. OD lov

., ._~ 1DteDl1t7 mC1"OV.e eftect. el80 contiDWt to .coDtr1bate report. on
· lDSutria1 protection eea1Dlt Id.-:zvv..... A ta1rlJ co_liTe P'OUP
· coDllatSJlc of Z. V. GordoD, te. A. ~bADC...,a. M. S. !o1c*.,a, S. r •
.,;,.II1oTa, I. I .• I1tlOTu81a, A. A. Let_fit, I. G. KDorre, B. II. Be11t~,
'j\u4 S. V. lI1kocoqm baa be61\ publl.h!nIt 1Ite~ .iDee 195', M1~
·...';'OD a:pe1'DlJrt. concvD.1Gc lI1uovtn'e lrrtd1ation of aniul.. Ib:b ~
'£·.:5~:~bI output ot thi. croup c.nter. around the publicatioD 1D 1960 of
i~{!,:.• Iutltute'. pl'Oeetd1.ac' on the blolopca1 action ot ultrU1ch
.\.·~q\18aci... A1tboUCll the oUtput ot tile ID8t1tute ot Imustrla1 .
:. ';"-'''118I1e and CrccupatlolUl1 Di baa tauen ott IO-.vbat 4ur1D1 tbe;
'i;-.·1Iit two 7.ars. There i. 80 ldence that ren_ed actlrlV ., be
."~'. CODtupla+.ed. . ' .. .

• •..• .~ • 1;

..~ -

·fo:·}" " I1UIIber ot local 1Dstitute,,' of 1.D4uatrlal b7pe.....,s occupa-
/:}tloaal 41..."..8 DOt ~er the jarillC!1ct1on ot the AcadUV ot Hecl1ce.l
·:~{}~~.IlC••• bert UDd.r the TarioUi t'fJPubllc II1D1l1trie. of Malth are
'~r~~~ 1D 1I!.covav. res.arch. b.clude4 are the Leningrad Institute
t~tfl"'F" ~uatrialH7c1.De am Occupa1G1oDal Di.eues, &IX! it. GeQrpu,
~~~,\:~1~~P··
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lIr:ra1D1an, ad Gorl~ ~saJce.. All or these institute. have
published reaearchrreport. durin« the laat dscme deiillng vith
IIIdU8tr1al proteeti~ft aca1ut Idcrovaves•.,'

ID spite or'the d1Jl1n1aMcl output or the Institute or
IDC!ustr1al H;rp8ne am Occupa'donal Diseue. 0'Y8r th~ last tvo .
7eu., overall So'Yiet reaear~h and pubUsh1ng activity on the
biological actio:t ot IIdcro\:',i,VOS have bt no _ana lessened.
The t,-pe ot reaearch chara'.:teriatlc of the Cordon grcup V!UI
taken up in 1964 by an or~an1zation nov to the scene, the
BoIOJmleta Institute ot T~siclegy ot t,he Ukrainian J.cadeJll1 ot
Sciences in Kin. The 1.nd1vid1ial researchers at the Bogomleta
Inetltute, E. L. Rnutr.k1y, X. H., Solovtso'Ya, S. F. CorodetBkqa,
I. %. XeroYa, V. S. B.lokrin~.ol,;a)d1. and M. I. Yateenko, vere aleo
nev to the Icene. !h, vert iJt th., Bogomleta Inst1tute i •.divided
betVHn the Departme~lt of Clinical PtVsloloCf ana the Biopto'alcal
Laborator,y. The output or this organiaatlon has been ctuite steady
tl'01.1 1964 to the present. .

A small but, interesting mcrovave reaearch teWi ia 1l8:JOciat~

"lth Iu. A. Iholodov, of the Institute or Higher Nervoua Activity
And Neuropb7aiol'Jgy of the ,\cBdeJIV ot Scionces GSSR in )bocov. 'llle
croup, beside. T.holodov, includea Z. A. Io.naon and A. L. Elder..,.
Since 1962, JChc,lodov has been engaged in experimontol studieD of'
ot the ettect. of m1erovavea on the central norvous DYstella of an1Ja,al~"

and auld be regarded u one or tho mst aign1ficllftt. peraonW..1tie.
1D this tiel.!. ParaJ~81 wit.b hiB JI1crovav.e &tooies, Kholodov has
vorke4 \11th the ettec~.a ot maenetic fields on biological Gyllte.
1Dclud1nc ·.;he central r:6"0\0.8 8)'stea. R.i.a report. in thiQ area
date rro. 1958.

v. R. Fqteltberg-Blank, .ot the tJlaain1an Stat.e Research
Inatitv.te ot Health Resort Science and 1'l\ysiotherapy, 18 worJdng
011 the etfect or III1crovaves on the laatro1Dtest1J1al t.ract.

In addition to the q&teut1c research carr1t.d out by the
.eVflraJ. inllt1tutes delleribed abc.-ve, vblcb clearlJ sppear to have
been charged vith the major resp.:uulibility or developing mcrovaye I

r8aearch,other, i80lated, research papers, 'bot~ vith aM without by
Une, have appeared re~13 during the lut decade. Tbese papera
t.ave covered & vidt: range of atuUea tro. lov-lnel microvave eftecta
to industrial !Vg1ene and II1crovllVe t.herapy. Part.1eular~ interen
iDI ia a work by N. N. Livshita, of tho Institute of B1ological

3
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Pb1l1cs ot the Aced~ ot Sclences ossa, published 111 1CW1-1958 '
on the et:ect ot e\(TOVave. on the central.:D8Z"'rOUS 81eteL.:.:. ethel'..,: .
•1gD1tlclUlt pepers ar. b)' R. A. Ch1abeakoYa, ot the Iutltute ot .~

B1gher Renows Actl-,lt1, on the eftect ot AIC MgDItlc tl.ld. OD
rabbit., 7. P. Petra., (It the Laborato17 ot General BeU1"O-lbl~
PbJa1olol7, Oft the eftect ot lov-tr.quenq .lectroMlnetl'c· tleld." .' ..~-=
on h1Ibor non-oua &C1.1vlt1, V. A. hkbar, of the l1ro'I MUitU7
Aced.." on lI1crovave effoct. on the central nonou. 111.... etc.
In th111 croup ot paper. with randoa or DO institutional attiliatloD,
••ch .utbor hal contributed ..ert tfN article. on the IUbject dur1nc
the pI..t decme. The relatiYeq lar,. nUliber or such piper., bov-
ner, 1. ~:.')t ~itbout aip1t1cancoa it 1. ~.: ta1rq reliable lndl~, ._;_., _a,'.

t1Dn ot the v1de8pzoeed 1Dt~r.at 111 the pro~_ Qt bloloc1ca1
eft.ct. ot J£.C1'OVav•• that appuentl1 mit. 111 the So.,l.t. UDion. .. . '

. Sneral conteronc•• have been held in t~ U"on"'-\1ie ~:~~:.. "
1olic.t .rtvct. ot II1crov..... TIM tirst such coDt.~De":c!ealt .
vith the application ot ehort and ultrashort vrle. 1D JW1c1ce,
aa4 va held in Mo.cov In 19/.0. Sev.ral conf.r.nc•• ··on the applica
t1Dn ot redioolectronici ln bl010Q ard Ddlclne and on 1Mutrial
I:\7l1ene and t!"e biological action ot ra4iorrequeftCT electl'08lCnetic

. vlIYe. vere held betv••n 1957 a.ad 1962. UnfortWl&tel1, no proceed
!aI. or thee. contorellce. ar.. ava11uble.

I
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:.~:~:. S14~.ach ot the ..11.. SOYS.' _teria1 oD thi_ nb,.e:t
"'~'bHA treated b7 tbI vriter h other Am npott'-, aD&! 'a1.Dce
e.Ti" receAt _terial ntl~. t.ti. h11toJ7 ot ~1et'nMC"Ch uS'.
.,eloS-At iA thi, ANa, the pr...at report. ~lU COA~at.r&te .'
'~111 OD _terl~ pubUIlbN.~ the 1964-1966 period. A. lID

ex ot ,re"At ~let ~ld.t,. 1A tid. area ODO ot the U'f,1~.

teet 1A tid. r.~1"t appeued .. ncellt~ .. 10 Oetober 1966.

1.0\;1#:.: Special ••" ..18 vU1 be p1&ce4 Oft the DeWal (.ipeela1J1
Dtbilsw1)ettect, ot H'" p&rtlcularl1 iD the lI1uov&ft rance,
t.bOup 10. atteftUon will &180 be p&14 to electric, .....tlc,

UI'::1Ov-treQUlnq .1.etro.....tle tleld,. F011ovlD1. mi.ev ot'''1.' "..arch conc.ra.1ft1 tbe eftect. ot EMF'. Oft .eUlo _ural
,~.' 10M am etructare., thi. report· V1ll eU.cua. the' nlult. of.SOiS., aper1aent.. OD M'-l.,. the el!.:dcal. and Ivpede upeet.

". ·2.... aponn to l)I"e, ucI flM'n" • -\llliliU:r. &ad dl.cualoa
. ~ raaitlcatlou ot t.he Snl.t .NMarch errort lD W_ .... .
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3. Specific neursl tunetlons aDd structures

This se~ion \lill treat those research ettorts devoted to
revealing apec~ic ettects ot OO"s intbe Jld.crovave range on the
tuDctions .and ~rpbolo" ot varioua Deural IUd neuroJlWlcular struc
turel. In this area, in vltl'O ezpeZ'J,_ntl are ot part.1cular lJ1ter
eat becauae thq necessitate an int1Jl&te knovledge ot biopb;yaical
principles and theretore, rigid control ot all pl\Yllcal and blo
loc1,..&1 p.:t.r_terl, accurate dos1Jlot17, and II87.1IlU11 vlabil1t,. ot
the struct\iZ'e under consideration. Because or ·these obstaclel,
"lative~ tw Soviet studies have dealt \lith this aspect ot D!F
efteetl. .

On the 'othor har.d, a considerable number ot papers in the
laat decide have reported neural qtomrphological results ot ex
POI121'f'. to llicrovave-range rld1atlon. Here, both 10call,.· and totalq
irradiated ani.Ie have been investigated. The t1nd1~s ot theee .
studies have been tairl1 conlistent. T~lgl1cqa et ale [4] COJIPared
the et:ects ot thermal and nonthermal 1o-ca vavee on various creana
ot wbol.-~-11T&d1atedrata. Exposure to tberMl, 40-110 -1tW
fields renlted in vaacu1ar daaap to all internal organa, includiDl
the 11er90ua I1l1tem. D8llBle to the latter v~ -,haraeterized b)' peri
cellular aD4 perivaacular ede., both llUoive and mnute cerebral
belllOrrhqing, and vacuolization and protoplasmic avel:llng ot braiD
celli.

In M"~lB exposod to a slight~ tl:ermal, 19-31 rAIler/- tield
ot the same vaelengt~ tor 30 Ido, the tolloving simlar changes
vere DOteeh Perivascular and pericellular edema and hsmrrhoging
ot neurel stntctures, severe protoplUlll1c svell1lJ1 ot parancl\l'_toua

. nerve cells, and I1gniticant cerebral llicroglial activity.

Ot part1cul8l" interelt in this stud,. vere results ot exposinl
M11M1s to nontbenuJ. intensities ot 10-= waves tor 30 III1n. AniJDals
aposec1 to 7.0-9.5 DlleJilaal killed 1Jaediately thereatter shoved
.re pronounced vascular reaction" 1n neural structuree than lJ1 art1
other organ. A cerebral llicrogllal reaction vas in~erpreted as an
indication that the brain is the t1rst structure to exhibit a .seod:\1
ul reaction to -cent_tel' vael. Those authors concluded that vhile
the ssverit,. or pathological shifts ill g~ner~ a tunetion ot field
intenait,. und exposure duration, the thalamwt aDd hypothalamus appear
to be the mst seDsitive structures to centimeter vaves. klthough
the autho'!"s did uot speculate cn the tWlctlonal ramifications or
these ertects, the 8~Ui1 supports the opinions ot other prominent
Soviet tbeoretici8l1a (LiVSb1tB [1,2], PrQsmaJl [5,6], and Osipov [32])
that neural structures respond to sicrovave field intensitios vhich
do not result in il signiticlUlt itlcrea&e in body temperature.

, .

7

......- .._-_ ....

•



;. .
~....;.......__ •• ... _ .• ..._._ ...__----.~...t ..... _ .. __._••-_._~••_"" ••""",•..,._""~"•.,,.,_.'{:"Jo.~,."~..

!. '.. - .'
The rear atter the stur37 mentioned iWove [4], Lobanova [7]

(a participant ir, the To~sk.,. ~\Xlr) turther investigated the
··...tt~et. ot a nonthermal, 10 _/CIJI- intena1tr of 1O-ca V8V·:.S on the

q1ioJIDrphology of ir~terneuron'connections. She did not specity
expoaure duration other than to sq that it vas "prolonged" bond
that the animals t/ere IIIUltlP17 o%pOsed. A.reasonable gueas ot tho
duration or exposure voulcl be 30 mn~ baaed on the previour~ men
tioned stll!)r. '

Using the Golg1-Bubanet method, the authot' revea1e.] that
the fine projections of dendrites vere in the proces8 of dis
appearing wd, 1n some casea, sho\red thickening or S"Jelling.
Apical dendrites loading to the upper 10.1ers of the cerebral
cortex "are the lIIOet nelticeab~ artecteel. A~ the hw!lber ot ax-

. ' pOsUtes to microwaves' incroaaed, the' proCUI(' ot dendrite forma
tion extended deeper into the cortex toward the nerve cell itseU'.
IDbuova theorized that these struCtures ., be spec1tic receptors
ot. mlcrovaves, although she vas caut10us eJ»ugh to IIBntion that
the.. structures bad sbovn BiJII1lar reactions to aniline and lead.
In pneral, she concluded that changes in tho higher nervous ac
tivitJ ot I&D1mals exposed to mcrovaves vere 0. function of inter
neuron disruption and that the efrects or 10 em (10 1lAI/c'lfi2) wves
were baaical.1:r nonthermal.

Another approacb to determin1 ng the etrects ot EMF's on
1lOlated neurKl st.ructures 1avolves the investigation of the b10
electrical act1v1.t1 ot ani.n vi.tl'O or in v-;vo lpect.n wxJer norJlllil
and ezper1111ntal conditions. Thi. epproach is obvioU8~ collpllcated
'b7 the tact that T1.gid~ controlled conditions are an absolute neces-

, e1tJ, eapec1~ tor 1.11 &J~tl'O 6pe('.Jmens. Rere. Dtatiaticall1' reliable
result. are possible o~ 1t the parmeters of irradia.tlon CUll be a~

ourateq dosed and 'Jt:)nitoreel. To this end, PrelUlW1 and Itamensldy' [a]
d.siened and constructed .,..te. tor inadiatic.~ neural or neuro
"cula- propara.tions, as ahovn in Figs. 1'am 2.

Jeamena1cl1 [11] turther relined these B)'stemo tor research
OD speC1tic neural preparations to provide:. tor 1Dpn'ved thermal
control and shielding.
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Pig. 1~ Basic diqraa
tor irred1atiDg a neuzoo
..cular preparation vith.
1o-ca II1cr~&'fe. b7 clolling
t.he power nuz deDlitr

1 - Mierovave cenerator.
2 am 3 - cable and vue
I\dde. 4 - attonuatorl
5 - power indicator. 6 
1I1c:rnm.eter, 7 - born.
S - abao~tlon ,latel'
9 - neuroJmaeular prepara
tiOD, 10 - final acreen-.
1nI abaorption plate.
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ne. 2. Dnice tor irra41at1rJg neuromuscular
preparatio1'1l vith _aaurecl 4o,e. of aicrowave
paver

1 - Microwave senerator, 2 - cable, , - vavep1de
pickupJ 4 - attenuator, 5 - paver indicator. 6 
II1cro..ter. 7 - "uur1nl lepent, S - 1JIJpec1ance
traD8tormer. 9 - bent vaveguide. 10 - born; 11 
radiation chllJlhftrJ 12 - tinal. Icreen1rJl ebaorption
plate.
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)bre recentlT (lul1vano"fald)' et al. (9), there 1s eotideDce
that ,till turther ret.1n8Mnt ·ot the techniques tor attdri, tile· 
bioelectrical activit7 of neural lIJ)ec1Mn8 is taJdDl pac... J28e
F1c. 3). Tb1a F-shaped vet chamber consists ot a thin, clu8 houa
1D8 the 81&e ot which can be adjusted to contora to individual ex
per1llental conditions and problema. The aa1D teature or aueb •

Fil. 3. Vet chaabo:.· tor
at~ing tbebioeler.tr1:a1
activit,. ot neural epeC1.JDt,.l'\:f

cbaber ill the treedoD or recording .nert'e biopcJtentialll under
rirtua1.l1 ooraal, in vivo conditions. In their expert.Dts, the
authors used vet chamberll vitb t.be tolloving cU.nalon8a 5-- slue
tublDc 1S JID long With 2-_ projections tor the inaertion ot platinUlil
electrodell. The electrodell are tightq t1xeQ in the oriticea or °the
F-projections and are looped at the end8. The loops are 2 _ in dla
.ter and the diota.nce between electrodes is S l1li. These a1mpq con
structed chambers euarantee constant electrIcal contact vitb the nerve
and 1U\1 be placed among the 01'1&08 ..m tissues conta1n1ng neural spec1.mBr~l!"

Since damage to the epec1Jlen can be aToide4 through the Wle ot wet
cblllber8, and aince t8q)6rature W buaidit,. integr1t,. are &allured
• the aurroUDdiDg organll or tissuell, tbe prolonged rlabillt7 ot neural
structures is posBible. While the a.ppl1c."tion ot such· a 81atem in Id.cro
va,,"e ftaearch 18 not mentioned, it ...... llkeq that the prI:lc1ple
could tind application here 1t the appropriate houainc aaterlal.. vere
U8ed.

All earUer IItated, relatl\'eq IfN detin1tI.,e in vivo and
8spec1a1.l1 in vitrc :un'eatIlationll on the neural erteets or EHr'a
bae been reported 1.7 the Soviet.. KholodoT [19] studied the ettoctll

. of 1IIP (1000 vIm) on neuronallJ ieolatecl aec~lons or the cerebrun aDd
Id.c!brain ot rabbits. Expoaure duration vaa 2-3 II1n· nth 2~O-m1n
!ntenll1a between exposures. Iholodov compared his results vitb the
'bioelectrical actinty ot intact br~1na a.rd found tMt the la.tent
period of the reaction of a DeuronaJ..q isolated cortical specS-n to
utr vas *Z1 aec, &8 opposed to S3 aec tor an. intact brain. The wr
arteretrect duration tor the tormer ·was aborter (1-5 II1n) than for
t.he latter (15-20 IIln). Iholqdov did not speculate whether these
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eftect. vere of a thel"ll&1 or DOntherul nature and thi. could DOt
i be ucerta!Jled 1"roa the irradiation paraeterl delcrlbed. Bovever,
, the naul.... of t~1 n\d1 ere coDliatent vith other, p8l'allel 1D

Ye.ueat1Du vh1cb baY. abovD neural ezcitation to be cbaZ'acter11t1c
ot tbI reepoDH to mcrovae-rqe DG"II. '

';'_hap, the beat controlled and mit detln1tl"1o re..U'ch on
tbe etfect. of II1cro\fael OD spec1tlc DOural functions is retlected
1D • report b7 !u. I. l88euld.r [11], vho atudied tho functional
nate of the hoI De"e n. iel1hiadicus, c1ur1D1 UPOsure to pullec1
u4 coDt1.nuoua 1O-12.5-c::a vue. (1-11 _I..). In thi. atu!7, he
tun deterJdnec1 the therDal p8l'lIMter. ot the JI1crova.,e reP-na
uec1 &ad ..lected aft 1Dtel101t,. ot 11 "/~, vh1eh vu 8uttlc1ent
to lnCNue the taperatur. ot the neural 8pOc1JIen by 1°C atter an
apoaure ot 20-30 mn. 'th. ettecta of contlnuoU8 JI1crovavel (12.5 all,

, 11 -1etiJ., exposure c1m-atlon 20 II1n) 'vere stUl11ec1 In the 'tirst aerle".
Ia 34 teat., ao reliable chancel in tbreehold aenlltl.,it,. vere aotec1•

.!be author tid aote, hovrIer, 1DcNaaed conduction rate, ~breviated

ab801ut. aD&! re1at!Ye retractol'7 phaae', aD! altered action current
1IIIP1ltude~ vllich he J1I!pc1 to be of a ~bermal nature.

: Most intereating vere hi. test. vlth puleed mC1"OVavel (10 C:II,
1 _ec pul..e, 700 pullea/aec, expolure duration 2O-3n II1n). Here, a
deflnite increase In neural conduction and ezcitabllitr vu obse"ed
aDd VAl Judged to be a relult ot the .nontber-.l (spec1£lc) ettect.
81, reason tor thia conclusion val that at a trequenC1 ot 700 pul8,!)1/lec
(pul.. interval 1.4 mHc) there vas a IUllll&tion or DE'U~a1 .h1tts. 'l'be
pulsed 1ntena1t7 ot radiation bere va. 1J.OO tiM. greater than tho _an
1..,e1 ot intenlltr durinc contin\l)us irradiation. 1.110, at frequenciea
or 100 and 200 pulses/..c, the puln l/lterral (5-10 JUOc) vas too
great to relult in IUmlLtion. "i~, the 0.2°e lnereue oblerved

, ill 8pOCs.-D taperature dunnc pulaec1 irradiation could DOt explain
the t1ve- to teDto14 lncr_nt In conduction rate oyer value. ob
tained vhen spec1meDa vere pb7lica1l1 beatec1•.. Thus, dfltin1te', re
cordable Ib1ttI in neural excitation vere obsenoel dariac pulae4 .
1o-c.va.,e irradiation vh1ch could not bG obsen'oel durinc contbuoua

,irradiation. The results or this inveltlgatioD lupJ)Clrt the r.del1
held Soviet .,iev that pulled !I1crovaves are mre biologic~ activo (

, 1D the neural ..lUll than continuous (nonpulaed) a1crovayes. ......_. _

. , car1ouaq, there i. DO eY14ence that X-nati7 baa continued
research alone the.. lines since 1964. HoVeYer, anotb.l· approach .
vhich has recentq recelved mI'. attentlon 11 be1ng pura\.l8Cl bi
J'reSII8D [12],vith vboJilame~1bas. collaborated in the put [~].
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In [12J Pr..... at1l!1ed t.he eft.cta or pulsed ADd continuous
12.S-c:a V••S Oft the ao-ca1led anitabl. 878t1la ot par...c1ao..~

'possible &W1"Oacb to nrrMUnc the uonthenuJ. .c!w~.. or mcro
• ert.eta on billIer De\U"al at~turea. JI. h8d prnioU811 demn- ,

rate4 that par_cia, vhen exposed to a-c ani! d-e cun.Ats. ex- 0

bite4 an ".l.ctrlc shock reaction" (ESR) ~t certain threshold doses.
this stud7, he apoaecl pc_da located In a pol1lt1l".nechaber"

with a bar inf'ueion ad attached 'to the II1crovae peerator i:o
Dt1mJOU, 12.S-e:a vav.~ 1D do..s or one per a.eo", (do.. duratios:
100 ..c). ftJ.II par_t.or re8Ulted in a r.actlon aiJd.J.a:o to the

A ..cond ..rie. va aposed to pulsed (200-700 pulses/a.c) ,
O-ea v••a vitb '1-50 JlllCC di.lratlons ODce per aecoM. 'lh1b para
t.r. "".&led. that the ..an paver t.breabold ...sluea ro~ pulsed JI1C1'O-
.e. were h1gber than tor cOnt1.rlUOt1S merOV..e values. AD in .

1UI1dJ1. stud7 vith t1". frog nen. ["J, a cUDllative ett.~~ va.
acter1atic of the palH4 1G-c:a vaYe.. It is int.r.llting to J)Ote

t 1'~' uaecl the ... pu'.-tera JCAIIIenaldJ uecl in 1J1. upen-
nts. S1Ace both the.. "_archer. collaborated in the desigD of
~Dt tor the.. aeurallT orieated atudie., it is entireq poaaible

bat, the1 ,both Wled tJ1. S_ barc!vt'r1.

Prelllllnia third and tourth .erie. or investigation vel'. designed
..certain vhe~hor mcrovllge8 aenait1zed pMr8Mc1a to electricAl cur

DtS. It vaa toW'll that II1crOvae. dec·.ased the thro.bold voltage
celSIfoZ"J to eveke &n ESR. The author interpreted these results, te
ther vith the tact tbat heatina cUd DOt exeeed 1.50 C in &IV series,
1JIdicate the nonthena1 .ttect ot mcrowaves. Hi. argumenta age.1nst

thenml aplanation ot the .chan1_ or the observed JIlcrovav. errect.
re .. toUovsl 1) excitation thr••hold values ror pulsed and con

lnuoua Jlicrovave" vere & function of t!'1e qU8drat,ic root ot their dos.
ation or· serie., and 2) v1rt~ no relationship b.tveen pulsed'

br.lhold pover ancI trequeAe:,. Val noted. Prt'aan vas .atiatied that
• approach anc! the data obtained in thi. stub' would help to clarit7-cbaD1_ or Id.crov... enects on ,the "excitable" (noural) struc

ures or higher anS.l••

Pre8lll&Jl1e 1"88Ult. haYe, clo..~ paralleled Xamen~ts, 'despite
d1tter.nce in the apec1Mn. studied. Since Pre8Jl8ft &nd XamenDlc17

re (or at.ill are) CC'llaborator., .the SIlll8 -approaches to the problems
neural reacticDa to aicrovaves ta. been emplo)'ed. All or the -

alies treated in this Hetion, including Presmanls and ICamsnak17 t a,
Z'ODCq tlt'tor the theo1'7 that the 118cha.n1_ of' microva.V8 effects on
ural or nauru-Uke structure. is DOnthermal, baaed on ."''Per1lDents
vh1ch threahold or mnthemal f'ield intensities vere investigated.

-.&. ' vh11e one mght expect that the Interesting results of tho studies
u ..lOned here ve-ul4 le&d to an increased research ettort in this area,

_ret baa been DO recent perceptible increase in the namber or articles
no eel to thia probleJI.
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4. In 'Y1'YO .ural effects

". A large coJll)lemont of the Soviet .research co..un1t7 devoted
to the neural eftecta ot III1crov«rfe-raaca D(F' a baa used a mre in
d1r<tct approach to the problea. Here, the tunctlon or bebavl~r of
thf, whole orlaDia or paris ot it are sttd1ed dudac the action ot
Ye:t1oua DIP irr8d1ation par.-ters (local or wbole-boc!1irradlsltion).
External, or functional patterna are dedu...--ed to ret1ect interDal
DfJ'GZ'al eftecta 1ft the abaence ot IAlII imestil4tlon of the neural
structure itH1t. Aa relazods the problem ot clua.lt71n1 II1crov..e
Dewel ettecta aaa therJ&l or nontberJllll, t.he results ot II&IV' 1mellt
ie_tiona ar. doubtful 1Jl t.la1a rotpect inasmuch aa the hloP!Vs1cal,
cheld.cal, a.n4 nen tberal parUltera of allelad IJOnthel"Ml ettecta
)aa. mt beon mastiCAted. ADotber dr~ ot thi. indirect
IIppZ'O&C'.h i. the d1tticult)'. (it not abaolu~e 1JI!poa.lbiUt;y) ot deter
Id Diac ~ut how auch mcZ"OVae eDflrD baa reacbec1"tlJe Mural struc
ture. in qu.ltlon. Thil prohl.. ot ~ar&t.tive, ~n vi.vo/i." vitro
~isaue dos1Mt!t is ot open concern to~ Soviet reHarcher.,
Pre.. [5,6,13J 1ft particular. The leaoral COnHDlU il that co..
prebeAli". re••arch "n thi. proba. il ablOlute17 necels&1")' it the
IIpOc1t1a .cban1au ot EHr ettect. are to be revealed. Nonethele.s,
the -.1ont;y ot Soviet relearchers ill thin tleld teel that the be
havioral ani! tunctional approach to 8t~ 00 ertect. i8 _ valld
ODe in that it is possible to obaone tre.1da in biological responses
to EMP'. "hieb clearq ditter tro. re8pOrtJe. to other, better WIler
&Jtood at1Jlul1. Thoretore, this .flctioD vil.\ review 10_ ot the aJre
recent worts supportinc thi8 belief.

Aa tar tac:k r.r.a 1960. rreAll&ft (13] concluded that "Ezper1.JMntal
Btadie. in t.he Soviet Union and AhZ'Oad ha'Ye clearq 1adicated that,
aloDi with a t.hermaJ. etrect on tM llylnc orgw.., II1crov....s also
have - ao-call1Hl 'specUla' eftect" (a tel'll that Preaan coined h1II- C ::
Nlt). Functional 8h1tts haYe been obaened 1n the iUtr'i'OUS &D4 ""...:....._---
card1OYuc1l1ar 118t-, as wU as be_tololical and .~aboUc changes
reault1nc troa chronic e~sure to 1o-12-e:a UHF at nontbe~ in-
tel181tlo. or 5-10 J!lMIeW-. He vu cautious enough to • int out t~t,

. "The effectlve (medical) appUcatlon ot _ lJPec1.tla ettect ot II1cro
v."s i. possible onq it the _chaDi_ of IUch &11 eftect haYe been
~ eltabUahed."

It should be mentloned here that aq ditferent JI1r.rov.e
r ••euch-orleDted groupe are active .112 thi. approach to revealing
the behavloral and functlonal _chan1_ ot EMF .rt,cts. In tact,
it ia sate to s. that !;rgieDiatl (both 1I1Utary aDd cl'Yil1an),

.i . \. :
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_a101opIt8, b1C'J1og1sta, ana theordt1ciana baYe at ODe u.
.... in, or still are purP'1W2c a1crow~. re.earch 012 an'_].
t,be1r vwSOU &lJst-. j .

,I

ao:ood_tskqa [14], repreHnt1ng the acti..e Ukr&1A1u
up at t1v, BoSOlDletl In.titute ot fb71101ogJ,- l'tu41ed the
eeta or SHF (3 ca, pulse frequeQ~ m ,ep., powrdenelt)-

.4 v/fr,il} on the beWr7ior of mce (am their propa.r) .ltuate4
o .. rrca the ,eI1R'6tor. 1'0 -.l1mu'te" t1»l'II&l en.ct.; COD

1 w-J,. Vlre convection-heated 1n u incubator tor 15 111112
11 • teliPU'ature of S2°C bad been atta1ned. Tb111 ta:lperaturl

... paralloleclll1crov.e-induced t~r.t.UZ'e increaae.
rod_tlkA7a f"o~ that SHP had a ~re pronounced ettect than
at OD the genital org8l1l, and theretore on thl! Prollllll or 11'-

I4lated aaJws, aDlI that r..:.J.. ard....l. ".re IIiore IID81tlve
SlIP in this respect.. Cbuce. 1Ddaced bJ co.ect.low beat 1D
tOpoietio oriana ¥ere le•• MYere thaD SBP-1Jxtace4 chaDcOI.

1ateNat relative to the neural ottect.a of the v..,. rqe vas
be tut that the apen.Dtal M~M]. ahibited "1" p1'Onouaced
aU.tioned-retlex react.lona.lD the tora ot negative r'8pOuea

baA the controll. The,. reactlona ¥ere fowxl to be mat pro-
.unced ~ateq after tbe t.ra1nat10n of irradiation. Wh1le

comection-Mfiltecl an'·]a belen to recover or.. dar art.r .zpolU1"e,
SHr-ln.latc an1ala did not bella to recov.r untll the third.

.. 01' tourth d~ aner aponre J reccrrer;y vu ..1rt~ COIIPlete for
control aniIals on the leoollll d81, vhUe tor SHF-lrra41at.ad an'-18,
lt took tt... d.l. Gorodetuqa theretore concl\lled that;, SHF haa

1'8 pronoQ1ced .trect than con..ectl?D boat. The reBUlt. ot thia
1t1l17 support the "lPIc1tlc" erreat theOJ'7 ot Pr.~ (,,6,13],
MIl a1Io a~K the V1despread Soviet Op1Jd.oD that pulled Id.cro-
"••a 11'1 "err acM.... blo1opcallJ. Rotv1thltancUnc the tact that
w. vu • "hot" (0•.1. v/~) aper1DlDt, Mural ad other re8pQDaes .
• 1'8 oblllf"fed that could not be apIa! ned bJ • pure~~ err.ct.
It 1. theretore po••lble tnat the nontbe~ or IP8c1t10 eftects of .
IIlCl'OVaYe EMF'. can be ob.ened eYen UDder hisb1J tberBal IIlcrovave
ooJJd1tiona. . .

. Another :repr••eDtatl~e ot this group, 'qtel'ber~lant[1']
ll1Yeetilated the eft.ct. or 12.6-01 tJHF (70 ., ror 10 JIin) on gaatrO- .
lntelt1nal. Ilucoae ablOrptl~D proc.,.... ot ilOtated preparatlt'n.
fro. dOl. GD4 rabbit.e. Untortunato17 he did not de.crlbe the radia
tioD paZ'81D8ter. ot the aper1.lDent in aLlah detail. For lD1t~ee, lt
~~..~t be aecertainecl hov far tbe preparationl vere located trom .

1M' ~S8 «ene~ator, vhat the power deDl'1t1 ot the fi.ld around
the preparatlons Val, vbotber pull.d or nonpuleecl mcrw.ea vere
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uaec!, vhat tlo.a tbel'Ml par_tars ot the spec1J8na at\ll1ed vere,
. aD4 theretore, whether the ettect. ob~ed vere ot a thenaal 01"
. DODtberul D&~,\1Z'8. ..' " :..... ~' ." "" . .'. . -. . .. " -. . . .-" -~ ..

fbi reau1t. of Fqt81'bers-Blw'. stU1!7 are ditt1cu1t to
1JIteJopnt. Hovnl1", the 8t1aulatol'7 eftect ot UHr on neural struc
ture. -cain vu obHned. thi. acree' with the 1"I1Ult. or met
otter 1aveat1gatloDl 10 or1ented.

. ,

Aaotber relOrptlon et~ vu conducted, b, Yat..nko (16], .vbo
1DYeet1catecl the eft.ct.. ot a 2O-Id.n exponro to 12.6-cm VaT,. (.40 v,

" DO val•• tor pover nux deDait, or the distance ot the p~atiOD
t1"O. the 5-6-= electrode. ot the "web- generator Ii.~~n) on the
ablOrpt10D' ot rad10active pwspboru 'b,y bee-Joint I1DCvial ...
branes. This tunction vas ettdied 1n DO!WJ.anS.'. aDd tho.. vitb
&levered spinal corde. Absorption aetlvlt1 Val to\md to inereue
dur1ng tbe action or UHF. Spinal cord eliaination Klon, retarded
abllOrptloD, vhile under the ertects ot t1HF, 81nov!al ab80rptlon
increased. Yatsenko telt that this vas avidenee ot a direct tJHr

'!uenated, part1~ dellen.ted, and eo..,letlll deDenated
IpecDIDi we1"l 1most,llated &ad the nnlt. vere processed ua1nl •
_thad ot .,ariatlon statistic.. 'artel'bel'l-Blank touad that a
tell-lllJmte apo.UN ot the eplCutral 1"851on to a 7G-Y, 12.6-ca
v•• tleld d1d not alt.r 1Atestin&1. glUCOH absorption in • do,
who.. 101ar plexua h.s been 8111d.nated. He concluded that IJIt
pathetic Den8S, the IOlar plexu, in particular, participate in
the t1"uale.10:l ot • II1crovae ettect. troa the ep1autral 1"II1on
to the 1ntest1nal repone The v8COIJIIPathetic 81lte. also pl81' "
a lRIbetutia1 role 1n thi. respect. When veeofl71lPa.tbetlc .IlIne.
are blocked at DIck lnel, ~ .~~tilll ettect ot UHF .orr 1"1- "

. eorptlon 1. Upede4. When ap1na1 luella are blocked, UHP el1ghtll
.leYate. the l ..el ot 1"Isorptlon but to a leseer deP'" than when

, the .qUa are Intact. The role ot akin, receptors vu allO d...
oastrated. ThuI, not onq peripheral neural ele.nt. ot the 01
t1"ac't, but 8180 central ne"oUi _ch&n1as vere obsened to be
reapoulble ~or trana1tt1ng 'UHr eftect.. Rovner, aiDce 10.
ahitt. 1A 1"Isorption vere ob..ned even 111 denen&ted apeCs.-Dl,
r.,tel1berg-Blank proposed that hUlmral tactor. are alao artected
b7 our. In an attempt to turthor reveal UHP _ehanl_. be studied
cell 1"08puatlon 1ft the epecillen. and round that UHF cauaed a Ib1tt
111 thi. function allO. H. speculated that this aipt be a rena: .
napoDse (UHF M.Ctlns or contro1l1nc neural el"Dts) or ..,!d.nce
of • direct tJHP eftect. on the cells.
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U8i1\8 unothitr approach to the pro~lQ or rn.Ung Jldcrovave
, Mural -eAniIlJU, PukhoY [18] lmestlgMt.ed the errecta or neuro
troplc druca (cal'reiRe and .ed1na.l) on the viabllit7 ot llice exposed
to thermal (SO .,/CllI'), nonpullled, 12.6-ca waves tro. a Luch-SS ther
lIpIut.lc CODerator. Ezpoeure duration. were 10 And 15 II1n, or t~
U. necesaar,y to Jdll the animall. Ani.1. vere irradiated 10 Idll,
60 en, ar.d 24 hr tollowing ~ineJ. injection and 60 II1n arter cat
t.lne 1njectlon. Pu'cbTf tow.! that carteioe, ov1nc to ita CNS IItim
UlatoI7 errect, atatisUc~decreased the viabll1t,. or 1rred1ated .
an'_]., or, depeDding Oil the d:'M ,eda1D1atored, resulted in no chanp.
Med1na1 adldnistered 24 br prior to irradiation iDc:'ea8ec1 the viabUit7
or ant_Is oving to 1ta !\YPot.bel'lld.c ertect. He could o~ concl\lie
bro. tb1. at.ud1' that the .Chani.. or aicrovave ert.ct. OD CNS func
t.ion. requirea turther st~. Here, the thermal (SO _I;;;') do...
U8td would r,eDder d1tficult 8lJ7 concrete conclu.alon as to the apeci-'
ric tttects or II1crovavea, especiaJ.l1 aonpulsec1 vaves. which Kamen~ [11J
&ad Prelllllf.n [5,6] 1"ee1 are baslc~ therul in t.heir errect. Ifovever,
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eftect on .,.aav1al receptor. &ad cited rqtel l bOr,:Blw'[1Sr-'
relative to the eftects ot tmr on perlpheral Dines. Again,
dAce no thermal par_t.ers were Mntioned 111 tMs 1Itud1, it i.
uuate to apecul.lf,te that this atUl!7 d..,natrat.c .~he apec~~c..::::,
eftect of UH1 on ceDtral or peripheral neural tUft~~D. ;-.', "" _.:.c' ,

S-noy [17J better de.crlbed the rlldiat10n ~par"t4.z:.. tl;- '
aA invelltlgatlon or the thermd7namc. ot lnneJ'Yated and denervated
temral tlssues in rabbit. exposed to 12.6-ca va6, (150-300 fSllctil,
pre8\llllfAbq a mapulsed fleld, 1o-.III1n expoaure durM.tlo!J, '-, It-, aDd .
'24-hr intervals betveen arosures). Th18 vu clec:q a bo~,,8sper
'.at and the author de.crlbed in detd.l t.)'Plca1 ·:tuperature-lncre....
'Vilue. tor temru tlaaue during lrradiation. SoMno'f' at.tributed .

. a ,thezwJ. cumulation or ~ion ettect to ne~ret1ect.ol7~.ces...
1A tl18 central nervous a,sta. To tes~ this ~t.~.ia; b!~.anellt.het1sed
anial1a Md increued pover denait,. fro. 150 to--3QO _1f:ztilJ"ard tound
tJlat the cumulative therlll&l1 etrect- vsa almost entire17 precl&1Sed. He
va therefore .".tisrled t.hat. autflc1entl1 lnt.enae UHF tlelds are
Sovertul st1Jlul9J\~. "blch di8rupt nnral CNS adaptive processes, par
tlcular17 t.lssue therllOregulation. Regrettid).b', he cUd not compare
the ottecta or UHF with the ottects or comeetlon or local heatlng
to Md4 turther strength tn hia conclusions. f!ovever, hia attdy IIIWSt
'be conddered ...s rurther n1donce t.hat IlI1crov&l.ve EMF'II strect eNS
twlGtlons.
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w. 8tucJJ vould 1n;Ue~te that. DOnpulae4, tbtnul, 12.6-e:8 waYe.
c114 ba'n 84 ac1ta~17 .rtect Oil the CBS.· ' ..: ~-

:. : ~ ~~" -~'" '~". . .... '.;, -.... , . . .... . ...
. , IA ... 1Dte.reiltl." article bt IWuI»Y [19], tM enecta ot

ve., DOnthemal· do..s ot UHr on coDdltloae4 refiaes vere con-
. e1cJend fro. the atandpolllt that. weh tl'lds acht plq aD 1a
portaat rol. 1ft actU&1.lJ tr1cpriftl ren..". M.tJ.athoY t ..l. t.bAt.
th1a probaa 1. Pl"MIUI to the Iv'Pothel1a that. UHP, or Idcrov...,
l'aztIe tl.ld., 1I1Cbt act .. "IAt'raatloD carriers- of .zt.rueuol'7
I1pala (I" the conclua1oDa aDd d11cUIIsloa ot thia report).

'.. '0 teat tM. ·!In'ot.b8s1a, he at~ted to dnelop coDS'lt.1oDlCl
nn.... to.a ".7-ea UHr tl.U (20 -ICtil) :In me.·bf U81JIcr 2O-He
coDd1tloDICI (UHF) .1&na1. and 1S-..c uncon41t.loned .1p&b. a.-.,

.' .~. weN-r.corded o.c11locr8ph!.calq. !he ren1t. ot tM.· a
.' ;.n.At veN cl1.appo1IitlDc ~. thILt. renae. to UIIP, vhUe d_ft

.trible, "'1'1 ch&I'act.er1aed '" a lone pel'104 ot d~,loS-ct., 1Dat.&
bWf;J, & abort. l'el1dual ,tr.ct.. AId rap1d atiDetloa. Th1....
trem va ob..necl b7 DolodoY 'l10], vho.. ftllUea v1U be di.CU81Od
in BOre d,t&111D the next aectlon. H&1akho. could onl1 conclu4.
that weak UHF tlelds ar. ot 11ttl. Itlntoratl,.... (It~ato1'7) value
te:». "1Su CBS patteras. H. cUd atlito, boveYltr, that hia result.,
vhil. cl1ll1ppOlnt1111, de.enld turtber lavelltlCtltlon and that ,.&1'10\18
am-J.a (specie. not giv.n) CIUI ..n ... lndic"tora beuorl) ot
1I1CZ"OV8Ye-rance EMF' a.

IA a "'17 recent article, lD.htJk [20] d••crt,*, an 1ntereat!nl
~n.llt conducted to meal the collb1rAd eft.ct. or pu1Hd URr
(1.0.,/CIl-, oth.r r841at10a par..t,r. not p".n) ani 1oni-inc ra41
atloa (180-tv x-r"l, 900-r vbole-b0d7 dOH) 011 white rat.. Here,
thne pootJP. ot 81,. vel" bTlId1ated d~ (2-bI' IZpOIU1"e durat10a)
30 t~.. Th. t1rllt. croup VII4 loc&''U7 (bead onl7) Irr8diated vW•.
the .ecoad pup vu whole-b0d7-1rr..u.ted by OHP. The tb1l'd croup
vu UHcI AI • coatrol and v.. 1rrad1at.ed by x-r.,. oaq.

. !'be N.u1t. ot thi. natJ did DOt .heN prel tat DAJl1 alcrov...e
lrra41atioQ to ba'fe ars:t protect1", art.ct, eltboUCh IDthak, 011 the
bu1. or other "'ud1e. (mt cited) hid telt it II1Cht). Be found, 1n
tact, th&t pre-OHr exposure act~ relUltec11A a ~J'I rapid mrt&1
It)' ot X-rlJ-1rrlld1atec1 M1JIals 1A both IJ'OUPI. '-"he nn1ya1 tt.

. tor localq, pre-tJIIF 1rr&dlatec1 u,maJ. va. 17.1 ± '.2 dq., tor
~bol"'bocV-1rra.Uateclan'-ll, 11.9 t 1.0 dqa, and tor coDtrol an1a1.,
20.8 t 2.1 dq.. Thus, decreue4 re.IBtaaCl to x-r81. vu the end
product t4 DOD"hermal UHF exposure. IDshak attrlbutecl ~,.. rel1llts

\
\
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to tlllt errect. ot UBr OD beatopo1etlc trtnactun., vb1cb !Ia' ·tid..~···
-"lI17 voul4 1JIpq that t.heao oraau an ...ft mJ'e MDa1t1•• ·tO·}~)~-::;:

4.~ter-v..e r..u.t1oD t.baA Deural atructure. 1ft .1w of thIl·~f,·

IID1Ww mrk11tr ot vID1e-bod7-1.n'I41ate4 .,".11. 1oabU: ·~te4
that t.. Ut.1p4IftI ot tbe.. &t~. 1nI!1cate4 beMt.opo1.t1c-UJUrJ
(e.o1aUJ of the bone -.nw). . .: ,.;.}. .

Vntortunat'~t IAahat'. article appean.! 1A &batract ton.,
.-t1.nI1t cI1ttlcult tor the NId.r to c!r., art3 COIlCJ'.t. conc1ualof'JI,
.ipec1a1q tho.. r.1&t1." to t.he role ot t.be CIC; 1A t.hi. Itlld7~":;'How
eY81", tbt tad. t.hat the PO"P ot local.l7 (held oAlJ) 1JTtd1at_fus.
.-la alao Ihow4 d.creued n.l.taAce to z-r.,. 1. ot In\en~·.~-'\'·U,
.. 101hat It&W, beatopo1etlo lD3urr vaa nlpou1b10 tor~
redataoce to z-r.,., U «ipluatloft 1. Dieded tor tbe d.crMnd'i-';··
(~ not. dr_Ucalll 80, ••,., 1'1.1 t '.2 4&7' .1. 20.8 t 2.•1"·:"
d.,.) red8tMee ot ceNbr~ 1JT..u&ted ""t-l.. AboT. all,' the
tact t.hat. ncb • d..Mtrela1A blolo,lcal ttt.c:t. Val ob..ned 111 ;::; ."
re.ue to ncb • 1av-~t.7 (1 _/cr) d.cs..t.er-v..,.·tlt14:·- .
1. t.boupt.-pt'OYok1nl at t.••el7 1.-t., dec. 1t would lftlS1cate a _.. .
·lPIcUlc· (aollttMIna1) b1o~Clcal eftect ot 00. ~ahak" ob_".. .tC
tblUl al.c) eupport. t.be cueraJ. Scrd.t op1.n.1oa tlwt pu1Nct a1crovn.~ ;' 'l.. _
an b'cb11 act.1•• 1D t.he biological "nN. -
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8uonovs (2,J investigated the neural 1\mction ot rabbita ex
posed to ~ SO-cps DP geoerated br ~'""O' lO·M transformers thrOugh
5OO-x 500-m electrodes separated by l200 m. Each transtormer
IeDerated. a 6S ,OOO-v tieltl. The n. tibiatis nerve (in vivo) vas
atucl1ed udng aD orgograpb1c setup \lh1cb. mllde it possible to load
the pava ot the a.l1mw v1th vel8ilts. 'rra1Dina prior to expert_nta
t10n required one IIIODth. The field lDtensity ranged. from .500-1000 v/em.·
!e found that thOle EMF paremeten hd a delete1.-tou8 etfect on motor
~tiOD aDd tha~ the etfect ot • looo-v/cm tiol~ va more rel41~
apparent than the etrect of a }CO-400-v/em field.

5. Reural ~tteet. G~ lev-frequencl electre:lmqnetle and
. mesneUc fields .'

I '

I

.
In her second stud.)' (24], SaZODOVa continued to investigate

the role pl~ed. by tbe central nervous syet_ In tbe motor &C'tlY1~7

o!' rabbits exposed to the same 50-cpa DP.. Bere,8he used stlDU1ato%'1
enol lnhibitory !1eUrOtropic drugs, (d1baaol, novoe:a1n,' em'1naziJie) as a
m:tb.od. ot better revealing the neural mechani81D8 ot the EMF effect. .
Ani.1Ials were irradiated one hr daill, 11x days per weeki for a .ontb. .' ,
In this 8tUdy, a lOO,OCYJ-v/c field VM used. She tound. that iDb1bitt::::---.. ' .
ot the ret1cul~ formation (teata with em1nazine), or elimination 0 l- " '
other neural pathv~ (novocain) delayed. F»'-1nduced fatigue. In-
hancement (dlbasol) ot eNS actiVity resulted In more rapid tatlsue • .
Sazonova thus felt thatshe bad demonstr"ted &n !)IF effect on the cen-
tral nerv\)Us sy,t:!1ll relative to its participation in motor functions.
It 18 interesting that the results or thie study are s1milar to ·t~

results ot some ID1crovave experiments vh1cb ind.icate a Itimulatory
effect of 00'8 on neural Itruc'tureS. Perbapfi, 88 o.ipov suWlted
1n 1965 ['2), a V1d.e vave range ot~ t S have a more or les8 analogous
eftect on the central nervous system.

'1'h1. .ectl~ ~U br1efl,'reT1w sClDe recent researcb OD the
, MUral eftecta ot,'sub-1D1crovave-rup DIP's and constant mqz:aet1c .

-' " .. ' tields. '1'b11 area ot relearch 18 at Interest (vitb respect to mag
netic fields 1n plrtieular) 'b!cazge Kbolodov l26,2'7), who 1& 110"1
active in magnetic field research, 11 also actively Interested in
relearch On the neural etrects of JD1crovave..raDge EMF's (10).

Wblle relearcb on low-frequency or very-law-frequency EMF'.
1\88 been rather lilDito.! 1'n scope and quantity, 1t 11 apparent 1'rCIat
the researcb of Petrov [21) (1929), vbD 1D1tlated ccmprebena1ve re
learch In thi. area, that SO"f1et interest tn the biological ettecta
ot Dtr'a baa had a-long history. Petro....sla.st article in 195'2 (22]
&tmon.",rated a vesk DDd WUltable retlex reaction to a lov-rreetUency
IMP. Since then, Sazonovafe research -[2',24] az:4 Plekhanov's recent.
stud-)' [25) are the onl7 '1nd1cation o~ a contizr.aatiOD of Petl'OY'1
appro.ch.

f,,' I .
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More recently, Plekh~ov L25] studied the ertects ot a lov- - .
trequenc1 (n5-kc) EMP' on hume coDd.1t1onf::d reflexes to cold, usl~ -~ .:..... -.
a plethyez:aosrapb.!c techD1que which he telt V38 the best approach be. - .-,
cause or 1ta ael'1litlV1ty. A portl:ble diathermy- generator vas used.· .. - .
Be found. that ¥ben f1eld voltage vas var1ed. from 220-330 m:t/m _::.:;,.-.
(110 rllY/a variat1on), a cODCUt1oued reflex ves noted vb1ch vas - . :,~~'J-.I..
attrtbutab1e 0D1)' to the Yariat10n in t1eld voltage. ite 8peC"Jlated--~f-fr'~J!i:!----
that the _cb8A181:U1 of the recept10n ot this 00' range are to 'be
f0u.n4 in the retina and lk1n receptorl, the latter being Rpec1t1c
EMr receptors. Be conclUded, however, that Bny liVing cella,
espec1ally :.eural ceUa ot thebra1n, are DIF receptors, end that
tbe 1DOcbal'l1am ot lntracellular recept10n might be physical end chemi-
cal 1n nature. The posalbll1ty that EM1 efrects mlgt1t be analogous
to veak 408ea of 10D!z1ng rad1etlon vea not el1scounted. This vould __...
render the lev-frequency DnP a :¥)napec1t1c st1r:luJ.ua.

g- 't.O tho ,ttecta of mesnet1c fields on "excitable" and.: neural
. ltn1cture., it ia notevo~ that Yu. A. 1Ch0lodov [aG,27], the lea4.1ng

SOT1et apokeaaa tor· -thia relearch ettort, haa also ~en act!ve ill re
leareh on the DeU1'al ettecta ot m1crovave-range &IF's [10]. In meD)'
respects, 'the ai'P!'Oachea to inwatigat1ns the neural mechanismi ot
magnetic field ettecta have paralleled the approachea to the microva.ve
problem. ICogaD et ale (26), 11ke Presman (7), 8tudied the behaV10r 01'
paramecia in caplllar,y tubea exposed. to mapetic t1elda ot 160-180 08.
!Venty to thirty time :DO uurementl vere. made before, 60-80 during,
IDd 20-~ after the action 01' the magnetic f1elds. It vas found that
paramecla preferred the south pole 01' a IIfI8I1et, that lIagnetIc: efreC~8

wre gradual, aDd that 1J:ese etrects pers1sted after removal or the
tl,,14. The ettect of & II1111'let1c tield vas found to be a function 01'
itl strength. JCOS8ll 41d DOt U8e PreslD8I1'a approach to th18 problem,
-In that be c:11d not Itu~ the ao-called electric sbock reaction. He
concluded that the lIlasneti" eftecta he obaerved m1pt be extraceUu
_lar 1n Dat.ure (l'bPica.1 and cbead.cal changes ln the me41um), and that
tlda extracellular pbeDQlDeDOD misbt lIerve to explain the ertecta at
1IIIDet1.. 011 the twactionel 8tate of org8D8 and t1ssues. Y.ogaa did.

_DOt 41acOUDt the posaibility that masnetic tielc1ll IIl1gbt directl)'
- attec1; 1Dtracellular ·procelaea although he cUd DOt speculate OD the

pollible mechan11118 or auch etreats. Kogan d1d not c1te PreSm8l1'8
a~ (1)- ~r did he diacuas the lo-called excitable syst,(;11 01' .
paramecia.

...... ~.""..""'''''''~ ••~_.'''-.''''''-'~ .__."_~__• .-. A'_'__' ••_.__~·_:·-;;:jJ}:S··~~~"1~::~·--:~~1
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kholodov [2G] reviewed 'the results ot some ot his investlgatlons
OIl fish, frogs, and rabblta exposed to lnterm1ttent (50-cps) magnettc
ftelda rengJ DB 1n lntenalt)'~ 1 to 1000 oe (averase, 100-300 oe).
Be toum, that plgeODB tid DOt develop conditlc 1ed retlexes to magnet1c
tielda, \lbt.le f1ah did. _He felt ~at retlexel were affected by mag
MUc t1elda "11& the d1enceptialon or diencephalic structurea (be elBO
-nt10Dld theae atructurea as ncr receptors 1n h1s m1crovave research
eO). EEO'a ahoved mapet1c reactions by rabb1t bra1~ 5}~ or the time .

. B1 illtact lD1mala and. 6,~ ot the t1me 1n neuronall¥ 1so1e+"d semples.
a 8ppr.Oach here ves malogous to h1s 1964 m1crowave stu~ and, intel'

eatlngq enou.ah, the re~t8 were a1milar in sbowing a magnetic field
::~';.'!':~ to 'be & dil'ect stimulus -or the central nervous system. However, the
;;::;,{i;:',,_-

,~'f
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errecta Of other tactors il1 thi8 stuq ehould not be 418~OUDted
since, .. lCholodov pointed out, variable (50 epe) magnet1c tlelda

. were used•

.~ . In the s.. 1nvestll&tiOD, Kho1oc1ov studied the 1JDpul.Ie
. -..:< act1Y1t,. ot·23 isolated·cortical DeuroU. lie coul4 not detect err

. cheap in tbe1\f"'li~4actlY1ty 4ur11l& exposure to his m&gDetlc
field par..tera, bu.t 411 note ~t thelr .ena1tlV1ty to light In- __~
creue4 c!urL"'8, aDd <me D1tn e.tter the action ot tile t1e14. While (." _
1Cb01odov vas cl!ll1tloua 1n ~in~lD1 out that the number ot neurou ,,----
atu41ed vas lD1N1't'icl'!nt to draw arrJ concrete conelua10na, he men-
t10ued that a morphological 8I!alya1a ot gl1al cell. sboved them to
be b18b11 leDS' tlve to JDS8Det1c tlelds (he d1d not .peclfy vhether .
he meeDt cODltant or variable t1e14G). He sugested that the bio-
Pb1alcal meChan1ama ot lIasnet1c tield ettects OD neural stlUcturel
m1sbt well be elucidated ~J traciDi the chemical actlVity ot glial
ce1.1a, the troph1c tunctlol1 ot vb1ch i. generally acce¢ed.
19lolodOY pl8M ~er research em thi.· approach•

It vill be 111teresting to .ee hov (it at all) Kbolodov'.
11l8D8tle t1eld reaearch artecta trends ln future microwave research
in view ot hia act1w intereat 1n the latter.

Recently, ChizheDkova (29], as 1t in relpollle "to Kholodov"
reaearch, lnveltigated the Em activit, ot rabbita with dlron1cally
Implanted electrodes (eenaor1motC'r area of the right cerebral hemis
phere) exposed to ,00-08 coutant lIuJ,gnetlc flelda. ActlV1t.y betore,
4uriq, aDd alter the act10n ot the field vas mon1tared usi~ s1x
an1mala 1n 604 teata. Be oblerved a c1efln1te st1l:Nlatory ettect of
the 1I8gDet1,= tield 8Dd s~owd that 1t vas Dot a tunction ot sv1tch1ag
the field on or otf. He vould DOt speculate on vhich CNS stlUcture
vu a apeciflc receptor ot EMF'., ad suggested that bJ." future
ettorta would be devoted to compar1ns ~egnet1c ettects '11th thODe of
weak cloaes ot loD1z1ng rad1at1on. Thia m1Bt1t 1mpl)' that Ch1zheDkova
1s unsure vhether magnetic t1elds have a cpecitic etfect on neural
atructurel.

In hie moat recent cOll:n\U11que, Kholodov (27] disCUssed the
."biological e:ttects of lI188Detic fields in terme ot 8-pace .b10logy end

medic1ne. Be proposed the use of magoetic, 8Dtir8d1atlon tields for
spacecraft and also stated that experiments have shovn that fluctua
tions in magnet1c tield intensity shorten the lU'espan or rats, in
creue the hw:uID fUcker-fusion threshold, and strect the orienta
tion of un1c:ellulor algae, higher plants, insects, mollusks, fish,
and b1rds. Such tluctuat1.ons aleo attect the general health or people,
as reflected in hosp1tal statist1cs. Increased magnetic f1eld 1n
tens1t)' stimulates ICOtor act1V1ty, decreases sens1t1V1ty to some
It1mul1., and aftects EEG activity. Cond1t1oned reflexes to a magnetic
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